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1. Abstract: 
Poor diets and alcohol are known to affect both behavior and overall health. Each by itself can 
produce an increase in anxiety and can affect insulin and leptin, important indicators of Type 2 
Diabetes Mellitus. This project investigated how combined high-fat diet and access to alcohol 
affected feeding and drinking behaviors, anxiety-like behaviors, glucose tolerance, and leptin and 
insulin levels in C57BL/6J male and female mice. Mice were separated into three food groups: 
high-fat diet, low-fat diet, and regular chow and each group was paired with either water or 
forced 10%-alcohol. Weekly body weight, and food and drink intake measurements were 
recorded. Anxiety-like behaviors were measured using the open-field and light-dark box. 
Hedonic substitution was tested to determine if the addition of a high-fat diet or alcohol would 
affect alcohol or diet preference, respectively. Mice consuming high-fat diets exhibited increased 
insulin and leptin levels, but alcohol consumption had no effect on these hormones. There were 
differences between the high-fat diet and regular chow with respect to explorative behaviors in 
the open field test; both males and females given alcohol showed more anxiety-like behavior in 
the light dark box test. High-fat diet mice had the most impaired glucose tolerance compared to 
the regular chow and low-fat diet; mice consuming high-fat diet and alcohol combined had 
slightly improved glucose tolerance for both sexes.  Females overall were more active than 
males. These results suggest that consumption of high-fat diets are more powerful in affecting 
behavior and health compared to moderate alcohol consumption and that physiologically, males 










2.1a Type 2 Diabetes Mellitus:   
Type 2 Diabetes Mellitus (T2DM), or non-insulin-dependent diabetes, constitutes 90-
95% of those with diabetes and is a growing epidemic worldwide (American Diabetes 
Association, 2004). Individuals with T2DM have a higher risk of developing long lasting 
problems including heart disease and kidney complications, which can be life threatening 
(American Diabetes Association, 2004). On average, an individual diagnosed with diabetes is 
troubled with medical expenses of $13,700 each year, which includes doctors’ visits, 
medications, and other costs. Within the United States, the total cost of diabetes is estimated to 
be $245 billion and is increasing annually (American Diabetes Association, 2013).  T2DM is a 
disorder most commonly associated with obesity from a high-fat diet; however, the disease can 
also be caused by genetics and other environmental factors.  
Hyperglycemia is a common symptom of T2DM. Hyperglycemia occurs when there is 
too much glucose in the blood and is dependent on the individual’s glucose tolerance, which is 
how long it takes for the cells in the body to absorb glucose (American Diabetes Association, 
2014). Individuals who have T2DM most commonly have insulin resistance, which leads to 
hyperglycemia and impaired glucose tolerance. Insulin is a hormone secreted by pancreatic beta 
cells and is used in the body to regulate blood glucose levels. Insulin resistance means that the 
body is able to produce insulin, however, it is not able to use it correctly; therefore they are not 
able to modulate blood glucose levels. As insulin resistance increases, blood glucose levels also 
increase (American Diabetes Association, 2004). Studies have shown that insulin resistance can 
also lead to failure of pancreatic beta cell function (Buchanan et al., 2002).  
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 Impaired insulin secretion is one of the main characteristics of individuals diagnosed with 
T2DM. Several processes contribute to impaired insulin secretion, however, it is largely thought 
that decreased beta cell mass is the primary mechanism (Butler et al., 2003). Before 
hyperglycemia is present in a patient, beta cell failure and insulin resistance occurs. Beta cells 
continue to produce insulin as glucose levels rise, and when insulin levels continue to increase in 
the blood beta cells cease the production. Insulin cannot be used properly; therefore, beta cells 
begin to decrease in mass as apoptosis increases because insulin no longer needs to be made 
(Butler et al., 2003; Gale et al., 2011). 
 Impaired glucose tolerance and fasting glucose are two important symptoms of T2DM, 
however, behavioral disorders such as anxiety and depression are also likely to be present in 
individuals with the disease. Having a chronic disease, such as T2DM, often leads to behavioral 
disorders due to financial burdens, restraints on lifestyle due to complications of the disease, and 
hyperglycemia (Roupa et al., 2009). Studies have shown that the likelihood of experiencing 
anxiety and depression is greater than 50% in diabetes populations compared to the general 
population (Collins et al., 2008).  Looking specifically at childhood obesity, children in the 
higher BMI percentile were more likely to have a behavioral disorder in both sexes (Rofey et al., 
2009). Obesity and anxiety have been linked in many different studies, which have found a 
positive association between the two symptoms. While the biological mechanisms behind the 
link have not yet been found, some studies hypothesize that it may be genetics that lead to the 
association or that there may be endocrine-disrupting chemicals that cause both obesity and 
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2.1b Environmental Effects: 
Environmentally, a high-fat diet is one of the most common factors leading to obesity and 
diabetes. The early stages of obesity, caused by a high-fat diet, include increased adipose tissue 
and body weight. Leptin is another important hormone observed in individuals with T2DM. It is 
secreted in the body and its main function is to inhibit hunger.  Leptin levels are strongly 
correlated with high amounts of adipose tissue in the body, resulting in obese people having 
much higher levels than people of normal weight.  This also suggests that while obese people 
have higher amounts of leptin, they have increased leptin resistance and are not able to correctly 
use the hormone (Considine et al., 1996; Leahy, 2005). Additionally, as leptin levels accumulate, 
the hypothalamic leptin receptor becomes desensitized and the body becomes leptin resistant 
(Lin et al., 2000). 
Over time, along with increasing body weight and adipose tissue, insulin levels may also 
be affected. When on a high-fat diet for several weeks, men and women eventually become 
hyperglycemic and also experience insulin resistance and elevated fasting glucose levels 
(Buettner and Scholmerich 2007). These are key symptoms of pre-T2DM and can often go 
undetected for years before proper diagnosis of the disease. Type 2 Diabetes can fully be 
diagnosed when β cell function in the pancreas is no longer able to produce adequate amounts of 
insulin. As insulin resistance increases and insulin continues to not function properly, the 
negative feedback loop ceases and the pancreas no longer produces the hormone. This process 
leads to an individual being insulin dependent (Kulkarni et al., 1999). Loss of β cell function is 
also strongly correlated with a high-fat diet. β cell function is reduced by chronic hyperglycemia, 
increased glucose in the bloodstream, and at times hyperlipidemia, excess lipids in the 
bloodstream. Pancreatic β cells function in insulin secretion.  A high-fat diet contributes to the 
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chronic hyperglycemia and hyperlipidaemia, in turn causing the reduction in β cell function and 
insufficient insulin release (Sone and Kagawa, 2005).  
Behavioral changes, including anxiety and depression, have been linked to obesity and 
T2DM brought on by a high-fat diet.  One study suggested that a high-fat diet and anxiety can 
both be causes of one another and found that high-fat diets can increase depressive-like states 
(Zemdegs et al., 2016). These authors also emphasized the fact that anxiety is likely one of the 
first impairments to arise after metabolic distress, such as obesity (Zemdegs et al., 2016). Animal 
studies are consistent with human studies and have found that mice have increased anxiety-like 
behaviors when given high amounts of fat in their diet compared to when they are fed a regular 
chow (Mizunoya et al., 2013).  A study looking at human data also found a connection between 
diets high in fat and increased anxiety as well (Bonnet et al., 2005). These studies suggest that 
consumption of a high-fat diet and obesity are consistently producing impairments in cognitive 
performance, as seen in both human and animal studies. Brain derived neurotrophic factor 
(BDNF) plays an important role in the nervous system by maintaining growth, development, and 
memory.  This protein also affects glucose metabolism and insulin, therefore when a high-fat diet 
affects these important factors of T2DM, BDNF expression is also impacted (Liu et al., 2014).  
Studies have found that individuals who consume diets high in fat are more likely to develop 
impaired cognitive behavior and have higher risk of developing behavioral disorders such as 
anxiety, depression, and Alzheimer’s disease (Holloway et al., 2011; Edwards et al., 2011).  
Specifically, consuming a high-fat diet, for even just a short period, can cause delayed memory 
retrieval and impaired ability to focus attention in male subjects. One study measured 
hippocampal BDNF mRNA and protein levels in rodent models after consuming a high-fat diet 
with refined sugar content and found decreased BDNF levels along with a decrease in spatial 
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learning (Molteni et al., 2002). The correlation between diets high in fat and decreased BDNF 
levels is not completely understood, but Molteni (2002) hypothesized that the diet may disrupt 
the BDNF and synapsin I system or it may just affect synapsin I transcription. Synapsin I 
functions in maintaining synaptic contacts, promotes axonal growth, and influences synaptic 
vesicle exocytosis. The high-fat diet can also decrease expression of GAP-43 and CREB. GAP-
43 affects axonal growth, neurotransmitter release, and learning and memory while CREB is a 
transcription factor in the brain that affects memory, especially spatial learning. As the high-fat 
diet decreases BDNF levels in the hippocampal region there is also a correlation between 




 While the environment has a substantial influence on developing T2DM, genetics has 
also been known to increase an individual’s risk. Stumvoll et al. (2005) found that individuals 
have a 38% chance of developing T2DM if one parent had the disease and a 60% chance if both 
parents have had the disease by the time they reach 60 years old.  Caplain 10 (CAPN10) and 
nuclear factor 4 alpha (HNF4α) are two specific genes that have been linked to developing 
T2DM (Dean and McEntyre, 2004; Stoffel and Duncan, 1997). CAPN10 is an enzyme activated 
by calcium and functions in breaking down other proteins. This enzyme is located in all human 
cells and is most active in the pancreas, muscles, and liver. Specific SNPs in this protein are most 
likely to affect insulin secretion, insulin action, and glucose production (Dean and McEntyre, 
2004).  HNF4α is responsible for glycolysis and glucose entry and mutations in this gene have 
led to early onset of T2DM (Stoffel and Duncan, 1997).  
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2.1d Animal Genetics: 
As discussed above, T2DM involves several different pathways and genes that lead to the 
development of the disease. Genetically modifying animal models and using different strains in 
research allows scientists to more easily focus on these specific genes or pathways.  
TALLYHO/JngJ (TH) and C57Bl/6J (B6) mice are common strains of mice used in T2DM 
research. TH mice are selectively bred to become hyperglycemic and they also experience 
impaired glucose tolerance and fasting glucose levels. TH mice will become diabetic on a 
standard chow while B6 require a diet higher in fat content (Kim et al., 2006).  Monogenic 
mouse models can also be used in T2DM research. Both the ob/ob and db/db mice are 
genetically diabetic mouse models. The ob/ob mouse has a mutation in the gene that encodes for 
leptin and exhibits obesity, hyperglycemia, impaired glucose tolerance, and hyperinsulinemia. 
The db/db mouse model is similar to the ob/ob, however it has a mutation in the gene that 
encodes for leptin receptors. These mice become obese, hyperglycemic, insulin resistant and 
hyperinsulinemic, then after approximately 3-4 months will become hypoinsulinemic (Srinivasan 
and Ramarao, 2007).  The DH mouse is a double heterozygous model with a deletion of the 
insulin receptor and IR substrate. When this strain of mouse is crossed with other mouse strains, 
hyperinsulinemia and glucose tolerance varies between each cross. Crossing the DH mouse with 
other strains allow scientists to be able to distinguish between genetic interactions involved in 
T2DM (Kulkarni et al., 2003). 
 
2.2 Alcohol: 
 For centuries, consuming alcohol has been a norm for individuals all over the world. It is 
commonly consumed to relieve stress, to celebrate, and unwind; however drinking alcohol can 
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also lead to over 200 diseases and injuries (WHO, 2014). In 2014, survey data showed that at 
some point in their lifetime, 87.6% of people 18 years old or older had consumed alcohol 
(SAMHSA, 2014).  Alcohol consumption can be defined as moderate, binge, or heavy drinking. 
According to the 2015-2020 Dietary Guidelines for Americans, moderate drinking constitutes 
one drink a day for women and up to two drinks for men.  This form of drinking can in fact be 
beneficial to an individual’s health; decreased risk of stroke, diabetes, and heart disease are 
several benefits from moderate alcohol consumption (USDA, 2015).  Binge drinking consists of 
consuming approximately 4-5 drinks for men and women within 2 hours (NIAAA, 2004) and 
75% of alcohol misuse is associated with this form of drinking (Sacks et al., 2010).  Lastly, 
heavy/chronic drinking consists of consuming 5 or more drinks a day for 5 or more consecutive 
days. Chronic drinking and alcoholism commonly increases the risk of developing cancers of the 
mouth, esophagus, pharynx, larynx, liver, and breast (NCI, 2015). Liver disease caused by 
chronic alcohol consumption was the primary cause of 33.3% of liver transplants in 2009 (Singal 
et al., 2013).  Binge and chronic drinking not only affect the individual, but in 2010 alone, 
problems involving alcohol misuse cost the United States a total of $249 billion (Sacks et al., 
2010). 
Alcohol consumption has also been known to affect obesity and T2DM.  Drinking 
alcohol influences several factors associated with T2DM, but unlike high-fat diets, moderate 
alcohol consumption can decrease the risk of developing the disease (Conigrave et al., 2001). 
Studies have shown that low to moderate alcohol consumption can lead to decreases in insulin 
resistance (Lazarus et al., 1997) and other components of T2DM.  Possible mechanisms 
explaining this decreased risk include the effects of alcohol on fat tissue. It is believed the 
moderate amounts of alcohol can increase adiponectin concentrations, which then improve 
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insulin sensitivity and halt glucose production (Sierksma et al., 2004). Several studies have also 
investigated the affects of alcohol on inflammation of adipose tissue and intermediary 
metabolism, which could help to reduce the risk of developing diabetes (Hendriks, 2007; 
Pietraszek et al., 2009).  
On the other hand, high amounts of consumed alcohol have been known to increase the 
risk of developing T2DM (Linda Kao et al., 2001). One of the main causes is believed to be the 
toxic effects of the alcohol on the pancreas that decreases insulin secretion and increases insulin 
resistance (Wei et al., 2000). Chronic alcohol consumption has been known to disrupt glucose 
homeostasis and increase insulin resistance. A study using rats found that chronic alcohol 
consumption decreased the amount of glucose uptake in skeletal muscle, which then increased 
insulin signal transduction impairment (Wan et al., 2005). 
Similar to high-fat diet consumption, alcohol also has an increasing effect on anxiety and 
behavior. Alcohol consumption and increased anxiety have been known to be causes of one 
another. Some individuals who have anxiety tend to consume alcohol more frequently, and 
frequent alcohol drinkers have also been known to develop anxiety through time. Chronic 
substance abuse and also withdrawal for many abusers can cause anxiety disorders from alcohol 
use (Kushner et al., 2000). Alcohol and many other drugs specifically act on the nervous system, 
which negatively affects cognitive behaviors such as memory, learning, attention, cognitive 
control, and anxiety (Xiong Lai and Huang, 2009). Alcohol consumption has been known to not 
only lead to anxiety disorders, but there is also evidence that alcohol affects BDNF, resulting in 
decreases in the molecule which affect learning and memory and can often lead to depression 
(Briones and Woods, 2013; Hauser et al., 2011). Hauser’s study found a decrease of BDNF in 
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hippocampal regions of the brain with chronic alcohol exposure in rat models, but not in cortical 
regions. 
Alcohol consumption also produces different results between several strains of mice.  B6 
mice are the most common strain of mice used in ethanol drinking experiments, mainly due to 
the fact that they voluntarily consume large amounts of ethanol. While the B6 mice will 
voluntarily consume ethanol, other strains will not. The DBA/2J (D2) mice will drink very little 
ethanol and sometimes will avoid it completely (Rhodes et al., 2005).  
 
2.3a Sex Differences: 
Biologically, male and female physiological processes are not always the same. Males 
and females often produce different levels of hormones within their bodies and their metabolism 
usually differs as well.  Specific diseases may also be more prominent in one sex than the other. 
For example, Alport syndrome, which affects collagen production and can lead to kidney failure, 
typically affects males more severely than females who also have the disease (NIH, 2017). While 
many studies are based solely on male rodent models, the National Institutes of Health (NIH) has 
recently advised researchers to also look at female models in their studies. Many believed that 
the estrous cycle of females would interfere with several fields of research; however, most 
studies that have used both sexes have not found differing results caused by the females’ 
hormone cycle. The new NIH policy was made to stress the importance of sex related differences 
in research (Clayton and Collins, 2014). 
In human studies, there can be countless variables outside of the study that can affect the 
results. To remove these confounding variables, mice are the most widely used animal models 
for biomedical research. There are thousands of different strains used in studies, and knockout 
	  
	  
	   	  
11	  
and transgenic models can be produced for researchers looking at specific genes in the animal 
(Bockamp et al., 2002).  
 
2.3b Differences without any treatments: 
Sex is an essential factor to consider in different fields of research. When looking at how 
individuals develop specific diseases, such as cardiovascular disease and cancer, females and 
males do not always have the same risk. Sex differences are largely focused on hormone levels. 
Estrogen has been linked to protecting women against certain diseases and disorders; after a 
stroke, females tend to have a less damaging outcome compared to males due to the 
neuroprotection of estrogen (Alkayed et al., 1998). Anxiety and depression are two common 
neurodegenerative disorders linked to sex differences.  One study has shown that females are 
more prone to developing behavioral disorders, including increased anxiety, compared to males 
(Bilbo and Tsang, 2010). These differences may not be due to social or environmental causes, 
but are more likely due to genetic factors between the sexes that cause females to be more 
vulnerable to anxiety disorders than males (Lewinsohn et al., 1998). 
 
2.3c Sex differences with T2DM: 
While TH mice are appropriate models for T2DM research, male and female mice do not 
always provide identical results in some studies. Male TH mice become fully diabetic and obese 
when given a standard diet while females do not become hyperglycemic, therefore, they do not 
become fully diabetic even though they are bred the same way (Kim et al., 2001). Men tend to 
have a higher risk of developing T2DM compared to women, especially at an earlier age 
(Kautzky-Willer et al., 2016). Impaired fasting glucose (IFG) is more common in men, while 
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impaired glucose tolerance (IGT) is more prevalent in women. IFG is due to impaired insulin 
secretion in prediabetes, while IGT is due to insulin resistance (Kautzky-Willer et al., 2016). 
Females with T2DM have been linked to higher risk of anxiety and depression compared 
to males in both human and animal studies. Human studies have found that young women tend to 
have increased risk for developing anxiety and depression from diabetes due to stress and the 
negative impacts on everyday life from the disease (Fisher et al., 2008). Animal studies, void of 
any societal and cultural effects on behavior, also resulted in female diabetics having more 
severe cognitive decline compared to male diabetics (Sakata et al., 2010). While society and the 
environment greatly impact human behavior, animal studies are able to mimic T2DM and show 
corresponding results to human studies. 
 
2.3d Sex differences with a high fat diet: 
Consuming a high-fat diet has a general effect on individuals with T2DM, however, there 
are some differing results between different strains of mice. In a study involving BALB/c and B6 
mice, males and females exhibited differences in insulin and leptin in the brain and they also had 
different locations of fat accumulation in the body (Nishikawa et al., 2007). These results were 
true for the BALB/c mice in the study, but not for the B6 mice.   
Indicators of T2DM, including increased weight gain, insulin, and leptin levels, are all 
commonly shared physiological traits for both males and females when on a high-fat diet.  When 
these specific characteristics of T2DM are compared within the sexes, males tend to be effected 
more than females.  In one study, male mice that were fed a high-fat diet had developed glucose 
intolerance and their insulin levels were much greater than female mice that were fed the same 
diet. While female high-fat diet mice did have higher glucose intolerance than the control male 
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and female mice, the increase was more pronounced in the male high-fat diet mice (Ulrika et al., 
2012). Another study presented similar results in which male mice on a high-fat diet had more 
severe hyperglycemia, hypercholesterolemia, hyperinsulinemia, and hyperleptinemia compared 
to the female mice on a high-fat diet (Hwang et al., 2010). The females also had lower weight 
gain, and insulin and leptin levels than the males in the same study.  Evidence suggests that the 
presence of estrogen in females aids in the prevention of developing T2DM in both animal and 
human models (Bryzgalova et al., 2008; Davis et al., 2012; Riant et al., 2009). Chronic estrogen 
exposure in mice has resulted in a reduction in insulin resistance and increased their glucose 
tolerance (Riant et al., 2009).  
Cognitive decline, resulting from high-fat diet obesity, is common in both males and 
females; however, the extent of cognitive decline from this environmental factor does vary 
between the sexes.  One study involving humans has shown that women with T2DM exhibit 
higher frequencies of cognitive decline compared to men, as it revealed that women who are 
obese have a much greater chance of having dementia and other deteriorations in their cognitive 
functions (Whitmer et al., 2005). A second study looking at human models found that obesity 
caused by a high-fat diet in women were 6 times more likely to have moderate to severe anxiety 
than men and 3.3 times more likely to have moderate to severe depression (Roupa et al., 2009). 
Focusing on how a high-fat diet affects sex differences in BDNF, a study looking at rat strains 
susceptible to T2DM found that overall BDNF expression was significantly higher in female rats 
with and without the high fat diet compared to males (Liu et al., 2014). It was concluded that the 
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2.3e Sex differences with alcohol: 
 Studies have found there to be a protective effect of moderate alcohol consumption for 
both men and women in preventing T2DM, however a meta-analysis conducted by Baliunas et 
al. (2009) found more of a protective effect on women than men. While the exact mechanism 
leading to decreased T2DM in men and women is still unknown, one potential reason may be 
related to insulin sensitivity. Joosten et al. (2008) conducted a study on postmenopausal women 
and found improved insulin sensitivity after 6 weeks of moderate alcohol consumption. Similar 
results were also found in Bonnet et al’s (2012) study, however it is still unknown why that 
pattern is observed more in women than in men.  
In several studies looking at moderate alcohol consumption and cognitive function in 
human participants, woman participants who consumed more alcohol had higher cognitive scores 
than women who consumed less alcohol (Dufouil et al., 1997; Stampfer et al., 2005). Dufouil et 
al. (1997) found that male participants had no correlation between alcohol consumption and 
cognitive scores. Other studies have shown that women have higher blood alcohol concentrations 
compared to men, even when alcohol dosages are adjusted to weight (Mumenthaler et al., 1999). 
 
2.4 Study Design: 
While the behavioral and physiological effects of high-fat diet and alcohol have been 
studied greatly by themselves, there is very little research examining when they are combined.  
The purpose of this study is to determine how combined high-fat diet and alcohol consumption 
effect physiology, such as indicators of T2DM, and behavioral effects, such as anxiety, in both 
male and female C57Bl/6J (B6) mice. B6 mice are able to mimic T2DM symptoms also seen in 
humans. When fed a high-fat diet, these mice become obese and over a short period of time 
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develop hyperglycemia. Glucose intolerance and insulin levels also increase when they are on a 
high-fat diet (Surwit et al., 1988). Studies have shown that both male and female B6 mice are 
able to mimic T2DM symptoms similar to humans.  As seen in studies by Surwit et al. (1988) 
and Winzell and Ahrén (2004), glucose tolerance and insulin levels in the female mice are also 
compromised when fed a high-fat diet.  B6 were also chosen for this experiment because they are 
known to voluntarily consume large amounts of alcohol (Yoneyama et al., 2008; Rhodes et al., 
2005). It is predicted that mice consuming the high-fat diet will have increased T2DM 
symptoms, however, those also consuming the alcohol will not have symptoms as severe. It is 
also predicted that the combination of the high-fat diet and the alcohol together will increase 
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3. Materials and Methods: 
Statement on animal care: 
All of the procedures were reviewed and approved by the BSU Institutional Animal Care and 
Use Committee (IACUC).  
 
Experiment 1: Physiological and Behavioral Effects of Combined High-fat Diet and Alcohol  
Animals: 
48 male (M) and 48 female (F) C57Bl/6J (B6) mice were purchased from Jackson Laboratories 
(Bar Harbor, ME), at approximately 6 weeks of age. Upon their arrival, these mice were housed 
individually and placed in a 12 hour light:dark cycle with a regular chow diet (RC, 3.36 kcals per 
gram with kcal percentages 13.4% fat, 29.8% protein, and 56.8% carbohydrate, LabDiet 5001, 
St. Louis, MO).  After a 4-5 day acclimation, each mouse was given a forced diet of 60%-high-
fat diet (HF, 5.10 kcals per gram with kcal percentages 61.6% fat, 18,1% protein, and 20.3% 
carbohydrate, TestDiet 58Y1, St. Louis, MO), 10%-low-fat diet (LF, 3.76 kcals per gram with 
kcal percentages 18.0% fat, 10.2% protein, and 71.8% carbohydrate, TestDiet 58Y2, St. Louis, 
MO) or remained on the regular chow (RC) diet, and were given a forced drink of either 10%-
alcohol (EtOH) or continued with water (H2O) (Fig. 1). RC and LF diets are both used as 
controls, due to the fact that mice who consume RC tend to drink more than the other diets and 
mice who consume the LF diet tend to drink the same amount as the HF diet.  Weekly 













Assessment of Diabetic-like Phenotype: 
Glucose Tolerance Tests (GTTs) were performed on all mice at approximately 17 weeks 
of age. Following a 12 hour fast, during which food was removed and alcohol was replaced with 
water, a small prick was made at the tip of the mouse’s tail and a baseline blood glucose level 
(Time 0) was determined using One-Touch Ultra-2 Glucose Monitors.  An intraperitoneal 
injection of 2g/kg glucose was given to each mouse and blood glucose levels were subsequently 
measured at 30, 60, and 120 minutes after the injection. 
 Insulin and leptin levels were measured using an Enzyme-linked Immunosorbant Assay 
(ELISA) after 18 weeks of age. Blood was collected from each mouse, allowed to clot, and was 
centrifuged at 4°C for 20 minutes at 2,000x g in order to obtain serum. ELISAs for insulin (Ultra 
Sensitive Mouse Insulin ELISA Kit, Crystal Chem Inc., Downers Grove, IL) and leptin (Mouse 
Leptin ELISA Kit, Crystal Chem Inc., Downers Grove, IL) were conducted for both male and 
female mice. An ELISA is used to determine the quantitative protein levels in serum, plasma, 
and fluid and is considered an “antibody sandwich:” the protein binds to an antibody coated on 
the bottom of the plate and an enzyme-labeled antibody sandwiches the protein. The mean 
absorbance of each standard is determined and a standard curve is constructed. Mean absorbance 
Figure 1. Experiment 1 control and treatment groups. This study had 12 groups each with a N=8: M/HF/ 
H2O, F/HF/ H2O, M/HF/EtOH, F/HF/EtOH, M/LF/ H2O, F/LF/ H2O, M/LF/EtOH, F/LF/EtOH, M/RC/EtOH,  
F/RC/EtOH,  M/RC/ H2O, F/RC/ H2O.  
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levels of each sample are fixed between the standard curve and insulin or leptin levels are 
determined.  
 
Assessment of Explorative and Anxiety-like behaviors: 
At approximately 15-16 weeks of age, open field tests and light-dark box tests were 
performed for all mice. The open-field test investigates explorative behavior and signs of 
anxiety. Signs of anxiety can include: wall hugging: a tendency for mice to walk very close to 
the wall, spending less time in zone 5 (the center of the cage), making laps when under stress, 
less locomotor activity, and less rearing. Signs of explorative behavior include increased rearing 
and distance traveled.  For the open field tests, each mouse was individually placed into an open 
field box, measuring an area of 435.7cm2 (19.56Wx30.92Lx14.93H cm, Thoren Caging 
Systems, Hazleton, PA) within a SmartCage™ software system (AfaSci Inc., Redwood City, 
CA), measuring 25Wx37Lx9H. Locomotor activity was recorded by 22 infra-red beams in the 
SmartCage™. The device divides the floor grid into 9 sections (3x3) and records the locomotion 
of the mouse in each section for the amount of time given in the cage. Each mouse was allotted 
10 minutes in the cage and the infra-red beams measured activity counts, activity time, distance, 
velocity, and rears for all zones, and also and time spent in zone 5.  Activity counts include the 
number of steps the mouse takes, activity time is the amount of time the mouse moves, distance 
tells how far the mouse moves, velocity tells how fast the mouse moves, rears are how many 
times the mouse stands on its hind legs, and zone 5 is the amount of time the mouse stays in the 
middle of the cage. All variables were recorded for the first 5 minutes, second 5 minutes, and the 
total time.  
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The light-dark box test measures dark entry, dark latency, and dark minutes, which gives 
how many times the mouse transitioned from light to dark compartments, the amount of time it 
took the mouse to initially enter the dark box, and the amount of time the mouse remained in the 
dark box respectively.  This test also helps in determining anxiety-related behaviors; mice with 
low anxiety are known to spend more time in the “light” box and make more transitions from 
light to dark, while mice with high anxiety spend more time in the “dark” box with fewer 
transitions. For the light-dark box tests, each mouse is individually placed in a two-compartment 
cage within the SmartCage™ device. The two-compartment cage includes a “dark” section and a 
“light” section that the mouse is able to travel back and forth between. The “dark” section is a 
roofed, red, plastic box that the mouse perceives as a dark section, which measures 
16Wx12Lx11H cm with an open portal, measuring 4.5Wx4H cm. The dark section is placed in 
the open field cage, splitting it in half, and the portal allows the mouse to travel between the two 
sections. Each mouse was placed first in the light side and the mouse’s movements were detected 
for 10 minutes.  
 BDNF expression levels were also measured for each individual mouse. The 
hippocampus and cerebral cortex both contribute to learning and memory, and studies show that 
these two brain regions contain higher levels of BDNF than other regions of the brain. Hindering 
BDNF synthesis results in impairments in memory retention and memory formation (Mizuno et 
al., 2000). After euthanasia, the brain tissue from the entire brain of the mice minus cerebellum 
were removed and immediately placed in -80°C. Protease inhibitor (Halt Protease Inhibitor 
Single-Use Cocktail EDTA-Free 100x, ThermoScientific, Pierce Biotechnology Rockford, IL) 
was used to protect the protein from proteases that may cause degradation during protein 
extraction and purification. Lysis buffer (ThermoScientific, Pierce IP Lysis buffer) is also used 
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to break open the cells. 100µl of protease inhibitor was added for each 10ml of lysis buffer and 
.2ml of protease/lysis cocktail was added for each .1g of brain tissue.  A low target concentration 
(working dilution 1:2) of sample and sample diluent buffer was created and then used in an 
ELISA (Mouse BDNF PicoKine™ ELISA Kit, Boster Biological Technology Co., Pleasanton, 
CA). BDNF levels, like insulin and leptin, were determined by the color released when a protein-
specific antibody bound to the protein. 
 
Statistical Analysis:  
Area under the curve (AUC) was calculated for each mouse for the GTTs. Body weight, fluid 
intake, EtOH dosage, kilocalories consumed, parameters in the behavioral assays, AUC for 
GTTs, insulin, leptin, and BDNF levels were all analyzed using a three-way ANOVA on Systat 
12 (Systat, Chicago, IL) with Tukey HSD post-hoc pairwise comparisons. A separate two-way 
ANOVA was then used if a three-way interaction was found to determine the two-way 
interactions between each variable. Data was considered significantly different at P < 0.05. 
 
Experiment 2: Diet and Ethanol Preference and Locomotor Activity Profile.  
 
Animals: 
31 male (M) and 22 female (F) B6 mice were purchased from Jackson Laboratories 
approximately 6 weeks of age, housed individually and upon their arrival, were placed in a 12 
hour light:dark cycle with a regular chow diet (RC, 3.36 kcals per gram with kcal percentages 
13.4% fat, 29.8% protein, and 56.8% carbohydrate, LabDiet 5001, St. Louis, MO). Both male 
and female mice were given either a food preference of high-fat diet (HF, 5.10 kcals per gram 
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with kcal percentages 61.6% fat, 18,1% protein, and 20.3% carbohydrate, TestDiet 58Y1, St. 
Louis, MO) and RC, or a drink preference of 10% alcohol (EtOH) and water (H2O) (Fig. 2). 
Locomotor activity was collected by IR beams located at the top of each cage lid (StarrLife 
Sciences). Two control groups M/RC/H2O (N= 6) and F/RC/H2O (N = 4) were used to assess 










Assessment of Food Preference:  
Food preference mice aged 8-12 weeks were given both a HF and RC diet and forced H2O to 
drink. After age 12 weeks, half of the food preference mice remained on the forced H2O and half 
were given forced 10% EtOH for 3 weeks. Weekly measurements of food preference percentage, 
total grams of high fat diet consumed divided by total grams of food consumed, along with food 
and fluid intake were recorded. 
 
Figure 2. Experiment 2 treatment groups: M/HF+RC/EtOH (N=7), M/HF+RC/ H2O (N=6), F/HF+RC/EtOH 
(N=4), F/HF+RC/ H2O (N=4), M/ H2O +EtOH/LF (N=6), M/ H2O +EtOH/HF (N=6), F/ H2O +EtOH/LF (N=5), 
F/ H2O+EtOH/HF (N=5).  
	  
	  
	   	  
22	  
Assessment of Drink Preference: 
Drink preference mice aged weeks 8-12 were given a low-fat diet (LF, 3.76 kcals per gram with 
kcal percentages 18.0% fat, 10.2% protein, and 71.8% carbohydrate, TestDiet 58Y2, St. Louis, 
MO) and a choice of both 10% EtOH and H2O. After age 12 weeks, half of the drink preference 
mice remained on the LF diet and half were given forced HF diet for 3 weeks. Weekly 
measurements of fluid preference, total EtOH consumed divided by total fluid consumed, and 
fluid and food intake were measured.  
 
Assessment of Locomotor Activity: 
Locomotor activity was recorded throughout the entirety of the experiment by IR beams located 
on the middle of each cage, above the cage lid (StarrLife Sciences), through the number of beam 
breaks. Total average locomotor activity, along with average activity during the light and dark 
phases, and a ratio of light to dark activity was calculated using Actiview (StarrLife Sciences). 
Average bout length, counts per bout, and bouts per day were also measured for each mouse 
using ClockLab (Actimetrics, Wilmette, IL). 
 
Statistical Analysis: 
Two-way ANOVAs were conducted with Tukey HSD post-hoc pairwise comparisons using 
Systat 12 for fluid preference, food preference, food and fluid intake, and locomoter activity 
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4. Results: 
Effects of HF and Alcohol on Body Weight: 
During the acclimation week, before any treatment was given, female mice weighed 
significantly less than male mice (F1,83 = 443.024, P < 0.00), and no differences between food 
and drink groups were found (Fig. 3a, 3b). After treatments were given, males continued to 
weigh more than females until the end of the experiment (weeks 8-18, P < 0.00). After week 8 
and up until the end of the experiment HF groups weighed significantly more than RC (week 8, 
P = 0.002; weeks 9-18 P < 0.00) and LF groups (week 8, P = 0.001; weeks 9-18, P < 0.00). 
During week 12, female HF groups were not significantly different than their LF groups (F2,81 = 
9.959, P = 0.082). 
Weight gain (week 18 minus week 8) was calculated and analyzed using a 3-way 
ANOVA (Fig. 3c, 3d). All mice on the HF diet gained significantly more weight during the 
experiment compared to the RC (F2,66 = 78.917, P < 0.00) and LF (F2,66 = 78.917, P < 0.00) diets.  
During the 10-week treatment, males on the HF diet overall gained significantly more weight 
than the females on the same diet (F2,66 = 3.985, P = 0.002), however there were no differences 












Figure 3.  Effects of high-fat diet and alcohol consumption on weight and overall weight gain: a) Male body weight, b) Female body 
weight, c) Male body weight gained from week 7 to week 18, d) Females body weight gained from week 7 to week 18.  For the entirety of the 
experiment (week 8-18), females weighed less than males (p<0.05) and all HF mice weighed more than RC groups (P < 0.05). During weeks 8-
11, HF groups weighed more than LF groups, but the interaction did not continue for week 12 and on. No differences between RC and LF diets 
or H2O and EtOH groups.  For weight gain, HF males gained more weight over the 10 weeks than females.  Males and females on the HF diet 
weighed more than those consuming the RC and LF diets. No significant alcohol differences for overall weight and weight gain. ‡ indicates 
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Fluid Intake: 
For the entirety of the experiment, RC groups consumed more fluid than the LF and HF 
diet groups (P < 0.00) (Fig. 4a, 4b).  Starting at week 10 and up until week 18, excluding week 
11, females consumed more fluid overall compared to males (all P < 0.05). Consuming alcohol 
affected drinking patterns as well: alcohol groups consumed more fluid than water groups during 
weeks 10, 11, 14, and 15. However, during weeks 10, 14, and 15 this interaction only applied to 
the LF groups (week 10, P = 0.012; week 14, P = 0.025; week 15, P = 0.012) and the HF groups 
during weeks 10 and 14 (week 10, P = 0.006; week 14, P = 0.002). During week 11, every food 
group paired with EtOH consumed more fluid than the same food group with water (F1,80 = 
6.952, P = 0.010). None of these diet fluid interactions lasted more than 3 consecutive weeks.   
To further assess fluid intake, EtOH dosages (g/Kg) were calculated for groups 
consuming alcohol (Fig. 4c, 4d). 2-way ANOVAs were performed and found that every week a 
sex and diet difference was found. Except for weeks 8 and 15, all female groups had a higher 
EtOH dosage every week compared to all male groups (all P < 0.00). During week 8, only the 
RC and LF diets followed this pattern (both P < 0.00) and during week 15, the interaction was 
only found for the RC and HF diets (both P <0.05).  For the entirety of the experiment, all 
groups consuming the HF diet had a lower EtOH dosage than the RC groups (all P <0.05). A 
second diet difference was found during weeks 8-18, excluding week 11, for which HF groups 
had lower EtOH dosages than the LF groups. This pattern was only true for the female mice 
during week 8 and 18 (week 8, P = 0.002; week 18, P < 0.00) and for males during weeks 14, 15, 
and 17 (week 14, P < 0.00; week 15, P = 0.001; week 17, P = 0.052). The last diet difference 
that was found in every week was that RC groups had higher EtOH dosages than LF groups (P < 
0.05), but during week 15 this was only true for the female mice (P < 0.05). 
	  
	  




Figure 4. Effects of high-fat diet and alcohol consumption on fluid intake and EtOH dosage:  a) male total fluid intake (mL), b) female 
total fluid intake (mL), c) male EtOH dosage (g/kg), d) female EtOH dosage (g/kg).  RC groups consumed more fluid than HF and LF diets 
for the entire experiment (P < 0.05).  Females consumed more fluid from weeks 10-18 (excluding week 11) than males (P < 0.05). LF EtOH 
groups consumed more fluid than H2O groups during weeks 10, 14, and 15 (P < 0.05) and HF EtOH groups consumed more fluid than H2O 
groups during weeks 10 and 14 (P < 0.05). All EtOH groups consumed more fluid than H2O groups during week 11 (P < 0.05). For EtOH 
dosage, all females had higher dosages than males every week except weeks 8 and 15 (P < 0.05). During week 8, only RC and LF female 
groups had higher dosages than males (P < 0.05) and for week 15 only the RC and HF diet females had higher dosages (P < 0.05).   All HF 
groups had lower EtOH dosages compared to RC groups (P < 0.05) and some LF groups during all weeks except for week 11. During week 8 
and 18, only female HF mice had lower dosages than LF groups (P < 0.05) and only male HF diet mice had lower dosages than LF groups 
for weeks 14, 15, and 18 (P < 0.05).  RC mice had higher EtOH dosages than LF groups for every week except week 15 where it was only 
significant for female RC mice (P < 0.05). ‡ indicates significant sex differences (P < 0.05), † indicates significant diet differences (P < 
0.05). 
†,‡  †,‡  
a) b) 
c) d) 
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Calorie Intake:  
Food intake measurements were recorded for each week and further calculations were 
done to get the total caloric intake (Fig. 5a, 5c). Grams of food consumed were multiplied by the 
calories in the specific type of food (HF=5.1/g, RC=3.36/g, LF=3.76/g) to get caloric intake for 
food only (Fig. 3b,d). To include calories from alcohol, the food calories from mice consuming 
EtOH were added to the total fluid intake times the calories of alcohol (0.789/mL). A 3-way 
ANOVA was conducted to determine significant differences for each week. A diet difference for 
which HF groups consumed more calories than the LF groups was found during every week 
except week 9; however, during weeks 16 and 17 only female mice had this difference (all P < 
0.05). Another difference was found in which RC groups consumed more calories than the LF 
group for every week, except for weeks 9, 13, and 15 this was only true for H2O groups, not 
EtOH, and weeks 14 and 16 was only true for females. Lastly, a third diet difference was found 
in which HF groups ate more calories than RC groups during weeks 14, 15, and 16. For this 
difference, it was only significant for male mice during week 14, for alcohol groups during week 
15, and for female alcohol groups during week 16 (all P < 0.05). A sex diet difference interaction 
was also found for weeks 15, 16, and 17 in which female HF groups consumed more calories 
than males on the same diet (all P <0.05). 
 Caloric intake excluding alcohol calories was analyzed for the total 10 weeks (Fig. 5b, 
5d). A sex difference was found during weeks 9-10, 13, and 15 (all P <0.05), for which females 
consumed less food calories than males. A diet by fluid interaction was also found during weeks 
13, 15, and 17-18 for which HF diet mice consumed more food calories than RC diet when 










Figure 5. Effects of high-fat diet and alcohol consumption on kcals consumed with and without alcohol calories: a) male total caloric 
intake (including alcohol calories) (kcal), b) male caloric intake (not including alcohol calories) (kcal), c) female total caloric intake (including 
alcohol calories) (kcal), d) female caloric intake (not including alcohol calories) (kcal). During every week, HF diet mice consumed more total 
calories than the LF diet (P < 0.05) and RC mice consumed more calories than the LF diet mice (P <0.05).  During weeks 15, 16, and 17, 
females ate more total calories than males (P <0.05). During weeks 9, 10, 13, and 15, females consumed fewer food calories than males (P < 
0.05). During weeks 13, 15, 17, and 18, HF EtOH mice consumed fewer food calories than RC EtOH mice (P < 0.05). ‡ indicates significant 
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Glucose Tolerance, Insulin and Leptin: 
The area under the curve (AUC) was calculated for the glucose tolerance test and 
analyzed along with Time 0 (Fig. 6a, 6b, 6c, 6d). At Time 0, diet and sex differences were seen. 
Females had lower fasting glucose levels before any glucose was injected (F1,82 = 6.016, P = 
0.016). Animals consuming the HF diet also had elevated fasting blood glucose levels compared 
to the LF (F2,82 = 12.887, P = 0.009) and RC diets (F2,82 = 12.887, P < 0.00). For AUC, sex by 
diet and diet by fluid interactions were found. Male and female mice on the RC diet had similar 
glucose tolerance, while males on the HF diet had lower glucose tolerance than the females (F2,78 
= 4.72, P  < 0.00). The male LF diet group also had lower glucose tolerance than the females on 
the same diet (P = 0.009). For the diet by fluid interaction, alcohol groups consuming the HF diet 
had improved glucose tolerance (F2,78 = 3.66, P = 0.050) , but had no effect on the RC and LF 
diets.  
A 3-way ANOVA was used to determine significant differences of insulin and leptin 
levels between the different groups (Fig. 7a, 7b).  Animals consuming the HF diet, both male and 
female, showed increased insulin levels compared to the LF and RC diet (F1,80 = 42.771, P < 
0.00). A sex by diet interaction (F2,80 = 20.953) was found for which females on the HF diet had 
decreased insulin levels compared to males (P < 0.00), but no differences between the RC (P = 
0.821) and LF (P = 0.343) diets. 
Male and females given the HF diet also had increased leptin levels compared to the LF 
and RC diet (F2,81 = 174.937, P < 0.00). A sex by diet interaction was also found for which LF 
diet leptin levels were increased for males (F2,81 = 17.493, P < 0.00), but no sex differences were 









Figure 6. Effects of high-fat diet and alcohol consumption on glucose tolerance: a) male mean blood glucose (mg/dL) at time 0, 30, 60, 
and 120 min, b) female mean blood glucose (mg/dL) at time 0, 30, 60, 120 min, c) male AUC, d) female AUC. At time 0, females had 
lower blood glucose levels compared to males (P < 0.05) and both sexes on the HF diet had higher fasting blood glucose levels than RC 
and LF diets (P < 0.05). For overall AUC, female HF and LF diets had higher glucose tolerance than males (P < 0.05). HF groups had 
reduced glucose tolerance while consuming EtOH, but not H2O. ‡ indicates significant sex differences (P < 0.05), † indicates significant 
diet differences (P < 0.05), @ indicates significant alcohol differences (P < 0.05) 
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Figure 7. Effects of high-fat diet and alcohol consumption on insulin and leptin levels: a) serum insulin, b) serum leptin. 
HF groups had increased insulin levels compared to LF and RC groups, and males on the HF diet had elevated insulin levels 
compare to females on the same diet (P < 0.05). No sex differences were found between RC and LF diets. HF groups also had 
increased leptin levels compared to LF and RC diets. Male LF diet leptin levels were significantly higher than females on the 
same diet (P < 0.05) and also higher than male RC groups (P < 0.05), but no sex differences between RC and HF diets. No 
alcohol effect on serum insulin or leptin levels.  † indicates a significant diet difference (P < 0.05),  ‡ indicates significant sex 
difference (P < 0.00) 
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Effects of HF and Alcohol on Explorative and Anxiety-like Behaviors: 
At 17-18 weeks of age, behavioral tests were performed to test for exploration and 
anxiety. During the open field test, activity counts, activity time, distance, velocity, rears, and 
time spent in zone 5 were recorded for the first 5 and total 10 minutes the test was performed.  
A three-way ANOVA was used to analyze all variables from the open field test (Fig. 8a, 8b, 8c, 
8d, 8e, 8f).  For the first 5 minutes for both activity count and activity time, a sex by diet 
interaction was found in which females had more activity counts on the HF diet compared to the 
RC diet (F2,81 = 11.172, P < 0.00) and they were active for a longer period of time (F2,81 = 
11.077, P < 0.00), but this same interaction was not seen in the males.  A sex difference was also 
found where RC females were less active than RC males (F2,81 = 11.172, P < 0.00), and no sex 
differences were found between HF or LF diets. For the total 10 minutes, female HF diet mice 
activity counts (F2,80 = 6.347, P = 0.006) and activity time (F2,80 = 6.347, P = 0.006) remained 
greater than female RC diet mice. Females consuming the RC diet continued to have less activity 
counts (F2,80 = 6.347, P < 0.00) and less active time (F2,80 = 6.347, P < 0.00) than males, and 
females on the LF diet also had less activity counts (F2,80 = 6.347, P = 0.051) and less active time 
(F2,80 = 6.347, P = 0.048) but no differences between sex and the HF diet (P = 0.972).  After 10 
minutes, female RC also had less counts (F2,80 = 6.347, P = 0.06) and active time (F2,80 = 6.347, 
P = 0.053) than the HF diet and no differences for the males (P > 0.7).  
 The total distance traveled for the first 5 minutes found a sex by diet interaction where 
males consuming the HF diet traveled less than those consuming the RC diet (F2,81 = 4.565, P = 
0.034). For the total 10 minutes, this interaction goes away and only a diet difference is found 
where males and females consuming the HF diet travel less distance than the LF diet (F2,81 = 
3.522, P = 0.046). 
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For the first 5 minutes, HF diet mice were slower than RC diet mice (F2,81 = 3.373, P = 
0.056) but not the LF diet mice (P = 0.086). After the complete 10 minutes this interaction 
remains constant (F2,82 = 7.650, P < 0.001) and HF diet mice are slower than the LF diet mice as 
well (F2,82 = 7.650, P = 0.013). A sex interaction is also found for the total 10 minutes where 
females are faster than males (F1,82 = 5.342, P = 0.023). 
For the first 5 minutes (F1,82 = 26.035, P < 0.00) and total 10 minutes (F1,82 = 27.574, P < 
0.00), females reared significantly less than the males. Lastly, looking at the amount of time 
spent in zone 5, for the first 5 minutes a diet difference was found where HF groups spent more 
time in the zone than RC groups (F2,81 = 3.472, P = 0.027), but the interaction did not continue 
for the total 10 minutes (P = 0.079). 
When looking at the variables in the light dark box (Fig. 9a, 9b, 9c), mice given alcohol 
spent more time in the dark box than the light box (F1,76 = 4.128, P = 0.046) and female mice 
made more transitions between the dark and light box than the male mice (F1,73 = 4.429, P = 
0.039).  There were no significant differences when looking at how long it took the mice to 
initially enter the dark box (P = 0.09). 
 
BDNF Levels: 
 Whole brain BDNF levels were normalized to 100%, based on the RC H2O group for 
both males and females (Fig. 10). The only difference found was that females overall have 
higher BDNF levels throughout the entire brain compared to males (F1,73 = 15.629, P < 0.00). 
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Figure 8. Effects of high-fat diet and alcohol consumption on open field behavior: a) activity count, b) activity time (min), c) 
distance (cm), d) velocity (cm/s), e) rears, f) occupancy in center zone 5 (min). For the first 5 and total 10 minutes, females had 
increased activity counts and activity time on the HF diet than RC diet (P < 0.05), but not males. RC females were less active 
than males (P < 0.05) for the first 5 and total 10 minutes. Only for the total 10 minutes did female LF groups have less activity 
than males on the same diet (P < 0.05). For distance, male HF groups traveled less than RC groups for the first 5 minutes only (P 
< 0.05). Only for the total 10 minutes did HF groups travel less distance than the LF groups (P < 0.05), no RC.  Looking at 
velocity, for the first 5 minutes, HF mice were slower than RC mice (P < 0.05), and after 10 minutes they were also slower than 
LF mice (P < 0.05). After the total 10 minutes, females were slower than males (P < 0.05). Females reared les than males for the 
entire 10 minutes (P < 0.05). HF diet mice spent more time in zone 5 for the first 5 minutes (P < 0.05), but no differences for the 
total 10 minutes. † indicates a significant diet difference (P < 0.05),  ‡ indicates significant sex difference (P < 0.05), * indicates 
significant sex/diet interaction (P < 0.05). 
	  
	  







Figure 9. Effects of high-fat diet and alcohol consumption on light-dark box behaviors: a) dark zone entries, b) dark zone (min), c) 
dark entry latency. EtOH groups spent more time in the dark zone than the light zone (P < 0.05). Females made more transitions from light 
to dark zone than males (P < 0.05). No differences for dark entry latency. ‡ indicates significant sex difference (P < 0.05), @ indicates 
significant drink difference (P < 0.05). 
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Figure 10. Effects of high-fat diet and alcohol consumption on whole brain BDNF levels: Overall, female groups 
had increased whole brain BDNF levels than male groups (P < 0.05). ‡ indicates significant sex differences (P <0.05). 
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Effect of EtOH on Food Preference: 
Starting at 10 weeks old, both male and female mice were given the HF and LF diets to 
eat which was paired with H2O.  Grams of food consumed were measured for both diets and the 
percent of HF diet consumed out of all food consumed was calculated for each week (Fig 11a, 
11b).  During the first week of this treatment, a sex pattern was seen where females preferred the 
HF diet less than the males (F1,17 = 63.677, P < 0.00). During week 11 no differences were found 
and for week 12, the sex difference was seen again where females preferred the diet less than 
males (F1,17 = 14.078, P = 0.002). After this week, half of the mice were given EtOH in place of 
the water. The presence of EtOH did not alter either sexes preference of the HF diet for the next 
three weeks and those consuming water did not have an altered preference. There were no 
significant differences found within the control group (P > 0.05).  
 
Effect of HF on Drink Preference: 
 To test if HF diet has an effect on drink preference, at 10 weeks of age, male and female 
mice were given both water and alcohol to drink, which was paired with the LF diet. Fluid 
consumed (mL) was measured each week for both H2O and EtOH and an EtOH percent was 
calculated by dividing mLs of EtOH consumed divided by total fluid intake (Fig. 11c, 11d). 
During week 10, a 2-way ANOVA found no difference in alcohol preference. Week 11 showed a 
sex difference where females preferred the alcohol more than the water compared to males (P = 
0.002) and for the remainder of the experiment there was not any significant differences between 
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Hedonic Activity: 
 Activity was recorded from weeks 10-15 for food and drink preference experiments (food 
preference, Table 1; drink preference, Table 2).  Activity monitors recorded average locomotor 
activity, including average activity during light and dark times, light-dark activity ratio, and bout 
length, counts per bout, and bouts per day were calculated. For the diet preference mice before 
EtOH was introduced, a sex difference was found for total average (F1,13 = 117.585, P < 0.00), 
light average (F1,14 = 16.859, P = 0.001), and dark average (F1,13 = 115.07, P < 0.00) where 
females were more active than males. Females also had increased bout length (F1,15 = 77.58, P < 
0.00) and counts per bout (F1,15 = 62.803, P < 0.00), but had overall fewer bouts per day than 
males (F1,13 = 337.645, P < 0.00). No significant differences were found for the light-dark ratio.  
After EtOH was introduced, females continued to have an increased average locomoter activity 
(F1,15 = 91.203, P < 0.00), light average (F1,15 = 11.744, P = 0.004), and dark average (F1,15 = 
138.239, P < 0.00). During weeks 13-15 a sex difference was found for light-dark ratio where 
females had a smaller ratio than males (F1,15 =48.569, P < 0.00). Bout calculations for these 
weeks followed the same pattern as before the alcohol was introduced where females had 
increased bout length (F1,15 = 63.614, P < 0.00) and counts per bout (F1,15 = 60.352, P < 0.00), 
but had fewer bouts per day (F1,15 = 134.027, P < 0.00) 
 Activity for mice who were given a fluid preference was also recorded before and after 
the HF was introduced. During weeks 10-12, when all mice were consuming the LF diet, females 
had greater average locomotor activity (F1,13 = 81.081, P < 0.00), including light (F1,13 = 60.939, 
P < 0.00) and dark (F1,13 = 58.192, P < 0.00) averages. Females also had greater bout lengths 
(F1,13 = 18.628, P = 0.001) and counts per bout (F1,13 = 30.614, P < 0.00) than males. No 
differences for light-dark ratio and bouts per day were found.  After the HF diet was introduced, 
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females continued to experience greater average locomotor activity (F1,13 = 50.758, P < 0.00), 
light average (F1,13 = 80.065, P < 0.00), dark average (F1,13 = 35.479, P < 0.00), bout lengths 
(F1,13 = 20.107, P = 0.001), and counts per bout (F1,13 = 20.485, P = 0.001). During weeks 13-15, 
females also had fewer bouts per day (F1,13 = 7.525, P = 0.017) than males. No differences in 
light-dark ratio were found (Table 2).   
For the control mice, during the entirety of the experiment females had increased 
locomotor activity (P < 0.008), light average (P < 0.002), dark average (P < 0.024), and bout 
counts (P < 0.029). It was only during the first 3 weeks of the experiment where there were sex 
differences for bout length and bouts per day. Females had increased bout lengths (P = 0.04) and 
decreased bouts per day (P = 0.042). There were never any differences between the light-dark 
ratio for the control mice (P > 0.05; Tables 1 and 2).  Actograms for each group were generated 
to show activity differences for males (Fig. 12) and females (Fig. 13). 
 A paired-T test was conducted to determine if there were any differences in activity 
before and after HF or alcohol was introduced within each group.  Significant differences were 
found for the male fluid preference mice where after HF diet was introduced; they had reduced 
average locomotor activity (P = 0.02) and reduced dark average activity (P = 0.002) compared to 
before the diet was introduced. No differences were found for LF diet mice only or for any 
female group (all P = 0.05). Also, no differences were found for any group before and after 














Figure 11. Effects of high-fat diet and alcohol consumption on food and drink preference: a) male food preference, b) female food 
preference, c) male drink preference, d) female drink preference.  During weeks 11 and 12, females preferred the HF diet less than males 
when all groups were consuming water (P < 0.05). Starting week 13 no differences were found for HF diet preference. For EtOH 
preference, females had a higher preference during week 11 (P < 0.05), but no significant differences were found for the remainder of 
the experiment. No differences were found within the control group. ‡ indicates significant sex difference (P < 0.05).  
	  
	  























Figure 13. Female activity actograms a) RC H2O, b) Both H2O, c) Both EtOH, d) LF both, e) HF both 
	  
	  




Table 1. Effects of 10% EtOH on food preference: Before EtOH was introduced, sex differences were found for locomotor average, light 
average, dark average, bout length, counts per bout, and bouts per day compared to males. All female groups had increased locomotor 
average, light average, dark average, bout length, and counts per bout. Females did have decreased bouts per day. No differences were 
found for LD ratio. After EtOH was introduced, females continued to have increased locomotor activity, light average, dark average, bout 
length, and counts per bout compared to males. Females also continued to have decreased bouts per day compared to males and they also 
had a smaller LD ratio.  All female control mice had increased locomotor activity, light average, dark average, bout counts, bout length, and 
decreased bouts per day compared to males during weeks 10-12 (P < 0.00). During weeks 13-15, the sex differences continued, except for 
bout length and bouts per day there were no differences. No significant differences for LD ratio for the entire experiment. * indicates 
significant sex differences of the same group (P < 0.05). 
	   
Group N Sex Diet Fluid Average Light Average 
Dark 








BEFORE            
Controls 5 M RC H2O 19.2±1.7* 8.5±0.6* 29.9±3.1* 0.28±0.09 47.8±12.5* 226.3±33.0* 11.1±0.5* 
 4 F RC H2O 44.4±6.3* 17.2±2.0* 71.8±14.4* 0.29±0.02 73.6±3.9* 779.9±220.0* 8.1-1.1* 
Diet Pref. 6 M HF/RC H2O 13.8±1.1* 6.4±0.8* 21.2±2.7* 0.31±0.02 48.2±5.0* 226.3±33.7* 8.1±0.4* 
 5 M HF/RC EtOH 14.4±1.1* 5.38±0.5* 23.46±2.1* 0.23±0.03 48.4±2.4* 237.6±18.7* 7.9±0.4* 
 4 F HF/RC H2O 44.0±7.0* 17.1±3.0* 70.9±15.5* 0.26±0.07 76.0±15.5* 787.5±271.4* 7.8±1.2* 
 4 F HF/RC EtOH 39.3±6.8* 14.5±2.5* 64.2±11.9* 0.23±0.04 75.7±9.5* 713.4±168.2* 7.2±0.3* 
AFTER            
Controls 5 M RC H2O 17.6±1.9* 7.7±0.5* 27.6±4.0* 0.29±0.03 44.6±3.8 214.2±31.1* 10.7±0.2 
 4 F RC H2O 38.1±6.5* 14.8±1.2* 61.4±14.3* 0.30±0.10 61.1±9.4 580.0±166.9* 8.9±1.2 
Diet Pref. 6 M HF/RC H2O 11.9±1.2* 5.3±0.6* 18.5±1.9* 0.29±0.02* 41.1±2.6* 169.1±18.6* 9.1±0.4* 
 5 M HF/RC EtOH 12.1±0.4* 5.0±0.4* 19.2±0.6* 0.26±0.02* 41.6±1.5* 181.4±9.9* 8.6±0.5* 
 4 F HF/RC H2O 37.0±9.5* 15.2±2.4* 58.7±19.9* 0.3±0.1* 78.7±23.9* 730.3±353.7* 7.3±1.3* 
 4 F HF/RC EtOH 35.3±6.6* 12.2±1.8* 58.3±11.7* 0.21±0.03* 69.6±7.3* 610.1±150.9* 7.6±0.2* 
 
 












BEFORE            
Controls 5 M RC H2O 19.2±1.7* 8.5±0.6* 29.9±3.1* 0.28±0.09 47.8±12.5* 226.3±33.0* 11.1±0.5* 
 4 F RC H2O 44.4±6.3* 17.2±2.0* 71.8±14.4* 0.29±0.02 73.6±3.9* 779.9±220* 8.1-1.1* 
Fluid Pref. 6 M LF H2O/EtOH 20.1±2.6* 8.0±1.1* 32.1±4.3* 0.25±0.02 39.4±2.8* 231.3±34.5* 11.4±0.3 
 6 M HF H2O/EtOH 20.9±1.5*† 8.5±1.0* 33.3±2.1*† 0.26±0.02 36.3±1.0* 214.2±14.7* 12.8±0.4 
 4 F LF H2O/EtOH 53.5±12.3* 21.7±9.7* 85.3±15.1* 0.24±0.06 73.6±10.2* 847.1±215.4* 8.1±0.2 
 4 F HF H2O/EtOH 48.5±6.4* 15.9±3.5* 81.2±11.7* 0.2±0.1 77.9±15.3* 868.2±181.9* 7.4±0.8 
AFTER            
Controls 5 M RC H2O 17.6±1.9* 7.7±0.5* 27.6±4.0* 0.29±0.03 44.6±3.8 214.2±31.1* 10.7±0.2 
 4 F RC H2O 38.1±6.5* 14.8±1.2* 61.4±14.3* 0.30±0.10 61.1±9.4 580.0±166.9* 8.9±1.2 
Fluid Pref. 6 M LF H2O/EtOH 19.2±2.5* 10.0±1.4* 28.3±3.7* 0.36±0.02 34.4±2.6* 193.7±32.0* 13.1±0.5* 
 6 M HF H2O/EtOH 18.0±0.9*† 8.9±0.3* 27.1±1.4*† 0.33±0.01 34.6±1.2* 185.4±11.5* 12.7±0.4* 
 4 F LF H2O/EtOH 52.5±9.7* 19.1±7.2* 85.8±12.1* 0.21±0.04 75.2±5.7* 859.9±152.9* 7.7±0.5* 













Table 2. Effects of high-fat diet on fluid preference: Before the HF diet was introduced, females had greater locomotor average, light 
average, dark average, bout lengths, and counts per bout compared to males (p<0.05). No differences were found for LD ratio and bouts 
per day. After the HF diet was introduced, females continued to have greater locomotor average, light average, dark average, bout 
lengths, and counts per bout (p<0.05). Females also had decreased bouts per day compared to males (p<0.05). No differences for LD ratio 
were found. All female control mice had increased locomotor activity, light average, dark average, bout counts, bout length, and 
decreased bouts per day compared to males during weeks 10-12 (P < 0.00). During weeks 13-15, the sex differences continued, except 
for bout length and bouts per day there were no differences.   A diet interaction was found when the HF diet was introduced males had 
decreased average activity (P < 0.05) and decreased dark average activity (P < 0.05). No significant differences for LD ratio for the entire 
experiment. * indicates significant sex differences of the same group (P < 0.05), † indicates significant diet differences (P < 0.05). 
	   
Group N Sex Diet Fluid Average Light Average 
Dark 








BEFORE            
Controls 5 M RC H2O 19.2±1.7* 8.5±0.6* 29.9±3.1* 0.28±0.09 47.8±12.5* 226.3±33.0* 11.1±0.5* 
 4 F RC H2O 44.4±6.3* 17.2±2.0* 71.8±14.4* 0.29±0.02 73.6±3.9* 779.9±220.0* 8.1-1.1* 
Diet Pref. 6 M HF/RC H2O 13.8±1.1* 6.4±0.8* 21.2±2.7* 0.31±0.02 48.2±5.0* 226.3±33.7* 8.1±0.4* 
 5 M HF/RC EtOH 14.4±1.1* 5.38±0.5* 23.46±2.1* 0.23±0.03 48.4±2.4* 237.6±18.7* 7.9±0.4* 
 4 F HF/RC H2O 44.0±7.0* 17.1±3.0* 70.9±15.5* 0.26±0.07 76.0±15.5* 787.5±271.4* 7.8±1.2* 
 4 F HF/RC EtOH 39.3±6.8* 14.5±2.5* 64.2±11.9* 0.23±0.04 75.7±9.5* 713.4±168.2* 7.2±0.3* 
AFTER            
Controls 5 M RC H2O 17.6±1.9* 7.7±0.5* 27.6±4.0* 0.29±0.03 44.6±3.8 214.2±31.1* 10.7±0.2 
 4 F RC H2O 38.1±6.5* 14.8±1.2* 61.4±14.3* 0.30±0.10 61.1±9.4 580.0±166.9* 8.9±1.2 
Diet Pref. 6 M HF/RC H2O 11.9±1.2* 5.3±0.6* 18.5±1.9* 0.29±0.02* 41.1±2.6* 169.1±18.6* 9.1±0.4* 
 5 M HF/RC EtOH 12.1±0.4* 5.0±0.4* 19.2±0.6* 0.26±0.02* 41.6±1.5* 181.4±9.9* 8.6±0.5* 
 4 F HF/RC H2O 37.0±9.5* 15.2±2.4* 58.7±19.9* 0.3±0.1* 78.7±23.9* 730.3±353.7* 7.3±1.3* 
 4 F HF/RC EtOH 35.3±6.6* 12.2±1.8* 58.3±11.7* 0.21±0.03* 69.6±7.3* 610.1±150.9* 7.6±0.2* 
 
 












BEFORE            
Controls 5 M RC H2O 19.2±1.7* 8.5±0.6* 29.9±3.1* 0.28±0.09 47.8±12.5* 226.3±33.0* 11.1±0.5* 
 4 F RC H2O 44.4±6.3* 17.2±2.0* 71.8±14.4* 0.29±0.02 73.6±3.9* 779.9±220* 8.1-1.1* 
Fluid Pref. 6 M LF H2O/EtOH 20.1±2.6* 8.0±1.1* 32.1±4.3* 0.25±0.02 39.4±2.8* 231.3±34.5* 11.4±0.3 
 6 M HF H2O/EtOH 20.9±1.5*† 8.5±1.0* 33.3±2.1*† 0.26±0.02 36.3±1.0* 214.2±14.7* 12.8±0.4 
 4 F LF H2O/EtOH 53.5±12.3* 21.7±9.7* 85.3±15.1* 0.24±0.06 73.6±10.2* 847.1±215.4* 8.1±0.2 
 4 F HF H2O/EtOH 48.5±6.4* 15.9±3.5* 81.2±11.7* 0.2±0.1 77.9±15.3* 868.2±181.9* 7.4±0.8 
AFTER            
Controls 5 M RC H2O 17.6±1.9* 7.7±0.5* 27.6±4.0* 0.29±0.03 44.6±3.8 214.2±31.1* 10.7±0.2 
 4 F RC H2O 38.1±6.5* 14.8±1.2* 61.4±14.3* 0.30±0.10 61.1±9.4 580.0±166.9* 8.9±1.2 
Fluid Pref. 6 M LF H2O/EtOH 19.2±2.5* 10.0±1.4* 28.3±3.7* 0.36±0.02 34.4±2.6* 193.7±32.0* 13.1±0.5* 
 6 M HF H2O/EtOH 18.0±0.9*† 8.9±0.3* 27.1±1.4*† 0.33±0.01 34.6±1.2* 185.4±11.5* 12.7±0.4* 
 4 F LF H2O/EtOH 52.5±9.7* 19.1±7.2* 85.8±12.1* 0.21±0.04 75.2±5.7* 859.9±152.9* 7.7±0.5* 
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5. Discussion: 
The results of this project add to the body of evidence that shows sex differences exist in 
the behavioral and physiological response to both high-fat diet and ethanol consumption. This 
project has shown similar results to other studies regarding sex differences, consuming a high-fat 
diet, and moderate alcohol drinking and how they all affect T2DM and anxiety related behaviors.  
However, while moderate alcohol consumption has been known to improve T2DM symptoms 
and decrease the risk of developing the disease, this project found very little alcohol effects on 
physiology and a much larger effect from the high-fat diet.  Analysis of behavioral tests found 
overall sex differences in exploration, anxiety-like behavior, and BDNF and a slight effect on 
behavior from the high-fat diet and alcohol. Lifestyle has one of the largest influences on 
individuals who develop T2DM and behavioral disorders, more specifically anxiety, and this 
project has provided further evidence to support this claim. 
Body weight, glucose tolerance, insulin, and leptin levels were major indicators of T2DM 
within this project. Looking specifically at body weight for each week, male mice weighed more 
than the female mice regardless of the diet or drink they were consuming (Fig. 3a, 3b). The high-
fat diet largely impacted body weight as well, where all high-fat diet groups weighed more than 
both of the control groups, however there was no significant alcohol effect (Fig. 3a, 3b).  For 
overall weight gain, all groups consuming the high-fat diet gained more weight throughout the 
experiment than the regular chow and low-fat diets, however, female weight gain was not as 
severe on the high-fat diet as was the males on the same diet (Fig. 3c, 3d). According to the NIH, 
T2DM is more commonly diagnosed in males at earlier ages than females and obesity is more 
common in women (Kautzky-Willer et al., 2016). This is largely supported through evidence that 
estrogen protects females from weight gain and T2DM symptoms. It is believed that estrogen is 
	  
	  
	   	  
45	  
associated with down regulation of the transcription factor SREBP1c, which regulates glucose 
metabolism, and fatty acid and lipid production (Bryzgalova et al., 2008).  During menopause in 
females, hormone changes largely affect the metabolism in these individuals and can cause 
differences in central abdominal fat and abdominal obesity (Davis et al., 2012), and this is the 
stage where more women are diagnosed with the disease.  
RC diet is made primarily from dehulled soybean meal, ground corn, and oats and has a 
10% moisture content and explains increased fluid intake and EtOH dosage every week in mice 
consuming the diet compared to the low-fat and high-fat diets (Fig. 4).  Sex differences and fluid 
differences were also found within several weeks. During most weeks, females consumed more 
fluid than males and also had higher EtOH dosage than males (Fig. 4).  This finding is 
corroborated with previous studies showing that female B6 mice will consume more alcohol than 
males (Yoneyama et al., 2008).  Alcohol groups also consumed more fluid than water groups for 
several weeks (Fig. 4a, 4b).  For EtOH dosage, the high-fat groups had a lower dosage than the 
low-fat and regular chow diets (Fig. 4c, 4d). This can be caused by the differences in sugar 
content in the diets. When sugar was added to alcohol, B6 mice consumed more of the fluid than 
unsweetened alcohol (Yoneyama et al., 2008). 
Calorie intake was calculated, including and excluding alcohol calories, however, few 
interactions were found that lasted more than three consecutive weeks. For every week starting at 
week 8, high-fat diet mice consumed more total calories than the low-fat diet, which then ate 
fewer calories than the regular chow diet (Fig. 5a, 5c).  This increase in calories is a major 
contributor to the increased weight gain that follows the high-fat diet.  After calculating calories 
consumed without including alcohol, for several weeks the high-fat diet mice consuming ethanol 
decreased their food calorie intake compared to the regular chow diet, however there were no 
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differences found with the water groups of the same diet (Fig. 5b, 5d).  These findings support 
the hypothesis that mice will decrease their caloric intake when pairing a meal with a drink 
containing calories (Dole et al., 1985), which does not correlate with human eating and drinking 
behavior.  
Similar to body weight gain, fasting glucose levels and glucose tolerance were also 
affected more in males on the high-fat diet than in females. All groups consuming the high-fat 
diet had impaired glucose tolerance compared to the controls, however male groups took longer 
to break down the glucose than the females (Fig. 6). In a similar mouse study to this one, male 
mice consuming a high-fat diet overall experienced more severe diabetic symptoms than the 
females (Pettersson et al., 2012). In one study, both sexes gained significantly more weight on 
the high-fat diet, however the male mice on the diet experienced more severe glucose 
intolerance, insulin resistance, and hyperinsulinemia while the female mice only had a slightly 
impaired glucose tolerance compared to their control group (Pettersson et al., 2012). This study 
also supported the hypothesis that estrogen has a protecting quality against metabolism changes 
associated with T2DM.  Males on the low-fat diet also had more impaired glucose tolerance than 
females on the same diet (Fig. 6). While the low-fat diet in this experiment had much lower 
levels of fat than both the high-fat and regular chow diets, it had a much higher carbohydrate and 
sugar content.  These variables are likely causes of sex differences in the glucose tolerance.  One 
human study was found where men who consumed a high-sugar diet had significantly higher 
glucose levels than women consuming the same diet (Reiser et al., 1986). Besides Reiser’s study, 
there is very little evidence on how a low-fat-high-sugar diet affects glucose tolerance, however, 
there are many studies supporting the fact that women overall have lower fasting blood glucose 
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levels compared to men and that the role of estrogen is likely to be the reason why (Pomerleau et 
al., 1999). 
Alcohol consumption had no effect on weight gain, but did affect glucose tolerance for 
both sexes consuming the high-fat diet (Fig. 6c, 6d). While many studies agree that severe 
alcohol consumption increases risk of T2DM, moderate alcohol consumption decreases the risk 
(Conigrave et al., 2001; Lazarus et al., 1997; Linda Kao et al., 2001). A population-based cross-
sectional study consisting of Swedish men found that those consuming high amounts of alcohol 
had increased risk of developing the disease, where those consuming moderate amounts had 
improved glucose tolerance (Carlsson et al., 2000). Moderate alcohol consumption and its effect 
on T2DM have been studied greatly. While these studies agree that moderate alcohol 
consumption can improve glucose tolerance, more research is required as to explain why this 
occurs (Conigrave et al., 2001; Lazarus et al., 1997).  
As predicted from past studies, the high-fat diet groups’ insulin levels were significantly 
higher than those consuming the low-fat and regular chow diets (Fig. 7a). As glucose levels rise, 
as they did with the high-fat diet, it is often paired with rising insulin levels as well (Buettner et 
al., 2007). Often as an individual becomes obese, their stored triglyceride levels increase and 
lead to large adipocytes. It has been found that when someone has impaired glucose levels, their 
non-esterified free fatty acids (NEFA) and glycerol levels increase, which suppresses the break 
down of lipids and amplifies insulin resistance (Stumvoll et al., 2005; Carlson et al., 2007). A 
sex difference with insulin levels was also found in the present study. Females consuming the 
high-fat diet had significantly lower insulin levels compared to the males on the same diet; 
however, there were no sex differences for the two control groups (Fig. 7a). In Pettersson et al.'s 
(2012) study, male B6 mice developed all T2DM symptoms when on a high-fat diet for 14 
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weeks while female mice gained a significant amount of weight, had slightly impaired glucose 
tolerance, and had increased triglyceride concentrations, but did not develop insulin resistance 
from the diet.  Consistent with the previous results for body weight and glucose tolerance, 
estrogen is believed to alleviate the effects of the high-fat diet on insulin resistance.  Individuals 
lacking high amounts of estrogen, such as in men and postmenopausal women, often show 
increases in insulin resistance and can sometimes be treated with estrogen supplements (Riant et 
al., 2009). A study by Mayer (2011) found that estrogen aids in insulin release from the islets of 
Langerhans and may also help to prevent β cell apoptosis. 
Another major hormone affecting T2DM individuals is leptin. Leptin levels were 
measured at the end of the experiment and similar to the insulin, leptin in the blood was much 
higher in the high-fat diet mice than in the low-fat and regular chow diets (Fig. 7b). This finding 
is consistent with other studies (Lin et al., 2000; Frederich et al., 1996). These studies believe 
that the cause of the leptin resistance when consuming a diet high in saturated fat can desensitize 
the hypothalamic leptin receptor and cause leptin resistance (Lin et al., 2000, Frederich et al., 
1996).  It was interesting to also find sex differences with leptin resistance for the low-fat diet 
mice alone, in which males on that diet had significantly higher leptin levels than the females 
(Fig. 7b). The sugar and carbohydrate content in the diet is again believed to largely impact these 
increased leptin levels in males. A recovery study found that while diets high in sugar content 
can increase leptin resistance, removing that diet reverses the increased leptin levels and 
resistance (Shapiro et al., 2011).  Sex differences in leptin levels can be correlated with the 
process of lipogenesis, the breakdown of sugars into fat. In Sheorain et al’s study, females had 
significantly lower levels of triglycerides in the liver compared to males when consuming a diet 
high in carbohydrates, which could be indicative as to why the male mice had more leptin 
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resistance than the females. It is postulated that increased triglyceride levels block leptin 
pathways and contribute to leptin resistance (Banks et al., 2004). 
Looking at behavioral effects from combined high-fat diet and alcohol consumption, it 
was expected that the combination of the two variables would increase anxiety greatly in the 
mice. The results, however, argue differently.  A major sex finding in the present study was that 
the female mice exhibited more anxiety-like behaviors compared to the males without any effect 
from the diets or alcohol (Fig. 8d, 8e).  B6 mice have been determined as one of the top animal 
models used in behavioral research and are determined to be a non-anxious model (Heredia et 
al., 2014). Evidence that the females were more anxious in this study was the fact that they 
reared less than males and were less active when on the control diets than the male mice on the 
same diets, which are both signs of being less explorative (Fig. 8a, 8b, 8e). Females also had 
significantly higher velocities than the males in the open field test (Fig. 8d). The light-dark box 
test found that females made more transitions between the light and dark zones compared to the 
males (Fig. 9b).  A review by Palanza (2001) stated that while animal models can be used in 
behavioral studies, an exact measure of anxiety cannot be determined, only a measure of specific 
symptoms of the disorder. It is believed that when a mouse is under stress and experiences 
anxiety, it will be less explorative and avoid bright environments, which were the principle 
symptoms that were analyzed in these assays (Lepicard et al., 2000).  Many studies have shown 
that females are more likely prone to cognitive decline and anxiety than males (e.g., Riant et al., 
2009).  
Several hypotheses contribute to why females are more likely to develop anxiety 
throughout their lifetime than males and studies have narrowed it down to different sex 
hormones and the environment. Looking specifically at sex hormones, women are at high risk of 
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developing depression and anxiety during times of changing hormones. More specifically, when 
levels of estrogen, progesterone, and androgens rise and decline, women often experience 
premenstrual dysphoric disorder (a severe form of PMS) and when estrogen levels decline after 
childbirth, can experience postpartum depression. It has also been found that the risk of 
developing these disorders decreases dramatically in postmenopausal women (Bebbington et al., 
1998).  On the other hand, it has been found that higher levels of testosterone contribute to 
decreasing unconscious fear, however did not affect self-reported measures of anxiety in humans 
(van Honk et al., 2005). Sex hormones are not the only factors that affect sex differences in 
anxiety. In humans, environmental stress has a strong impact on cognitive decline and behavioral 
disorders. Specifically, childhood trauma is one of the top leading causes of anxiety and 
depression during adulthood in humans (Heim and Nemeroff, 2001).  Within college 
populations, freshmen and sophomores tend to have higher anxiety due to lack of social support 
networks and coping mechanisms to stress that is often paired with college-level classes. 
Females within this population had much higher levels of anxiety and were not able to enjoy 
leisure activities as much as males (Misra and McKean, 2000).  The high-fat diet and alcohol 
also contributed anxiety-like behavior in the mice.  Many studies have shown that consuming a 
high-fat diet leads to cognitive decline, however, the true indicators of anxiety in the open field 
and light-dark box were not affected by the diet. Females had more activity time and counts on 
the high-fat diet in the open field test, while males had decreased distance on the high-fat diet 
(Fig. 8a, 8b, 8c).  These results are similar to previous studies that have found that female B6 
mice consuming a high-fat diet have increased movement in the open field behavior test (Hwang 
et al., 2010; Krishna et al., 2015). While studies looking at high-fat diet effects in males vary in 
their results. Some studies have found that males have reduced activity on the high-fat diet, while 
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others found no differences in the B6 male mice (Zemdegs et al., 2015; Liu et al., 2014). While 
the high-fat diet did not show differences in the indicators of anxiety in both behavioral tests, 
human studies have found that the high-fat diet does increase anxiety in males only, and not in 
females (Bonnet et al., 2005). Further research with male and female rodents is necessary in 
order to determine why the high-fat diet causes opposing responses to behavior in the B6 mice.  
Lastly, alcohol groups spent more time in the dark zone of the light-dark box compared to 
H2O groups (Fig. 9a). Avoiding bright environments is one of the main symptoms of anxiety in 
mice models. This finding gives evidence that alcohol consumption can lead to anxiety, also 
stated by Xiong Lai and Huang. It is well known that alcohol has a toxic effect on the brain 
regardless of age, however, it also has a magnified effect on infants and children. One study 
found that prenatal alcohol exposure had the greatest effect on the basal ganglia, corpus 
callosum, cerebellum, and the hippocampus of the brain (Mattson et al., 2001). It has also been 
found that alcohol consumption greatly affects serotonin transporters in the brainstem. Serotonin 
is associated with anxiety and depression and this study found a significant reduction in 
serotonin transporters in individuals who consumed alcohol throughout their entire lifetime and 
have also experienced anxiety and depression (Heinz et al., 1998). 
To explore cognitive behavior further, whole brain BDNF levels were measured. While 
both the high-fat diet and alcohol had no effect on these levels, a sex difference was found where 
the females had higher BDNF throughout the entire brain than males (Fig. 10). BDNF is a 
neurotrophin that functions in increasing cognitive learning, memory, and synaptic plasticity and 
has increased levels in the hippocampus and can also be measured in the blood of humans 
(Mizuno et al., 2000). Several studies have documented the same sex pattern of increased BDNF 
levels in women (Trajkovska et al., 2007; Sohrabji and Lewis, 2006; Gibbs, 1999). While brain 
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BDNF levels in humans cannot be measured, a blood serum ELISA concluded that women had 
increased BDNF in their blood than males (Trajkovska et al., 2007).  Hormone changes and the 
circadian rhythm have been found to cause this sex difference. The affects of estrogen and 
progesterone have been found to increase BDNF in female brains, however several studies differ 
in the specific regions of the brain that are affected (Sohrabji and Lewis, 2006; Gibbs, 1999). 
While BDNF levels have been profoundly studied in both blood serum and the brain, future 
studies are required in to order to determine what mechanisms contribute to why BDNF levels 
differ between the sexes. 
For Experiment 2, measurements were conducted in order to see if the addition of either a 
high-fat diet or EtOH affected drinking and eating behavior respectively.  While both males and 
females preferred the high-fat diet to the regular chow diet, the introduction of alcohol did not 
increase or decrease their preference for the food (Fig. 11a, 11b). Females, however, did have a 
lower preference for the high fat diet initially, but then their preference leveled off to that of the 
males’ preference (Fig. 11a, 11b).  In humans, women are more likely to avoid diets high in fat 
and are more likely drawn to healthier foods (Wardle et al., 2004). The understanding of 
nutritional value in several food groups contributed to their reduction in consuming diets high in 
fat and increased their preference for healthier foods.  Diet preference studies in mice are limited, 
therefore the explanation for this initial reduced high-fat diet choice in the female mice is not 
explained in great detail in the literature.  For the alcohol preference, those given the high-fat diet 
halfway through the experiment did not have an altered preference for alcohol over water (Fig. 
11c, 11d).  
Activity throughout the entire experiment was also measured in order to determine 
whether sex, diet, or drink had any effect on activity throughout the day before and after either 
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the high-fat diet or ethanol was introduced.  Alcohol did not have any effect on activity, but there 
were many sex differences in the parameters that were measured and it was also found that the 
high-fat diet reduces male activity, but not female activity (Table 2). Females overall had 
increased activity regardless of what diet or drink they were consuming compared to the males 
(Table 1, Table 2). Several studies have investigated the effects of estrogen on activity and 
narrowed the ERα gene as the factor that influenced female increases in activity (Rodier, 1971; 
Roy, 1975; Ogawa et al., 2003). Ogawa et al’s (2003) study studied two estrogen receptors that 
may be responsible for this increase in activity, ERα and ERβ, and found that male and female 
B6 mice lacking the ERα both had decreased levels of wheel running activity while there were 
no differences with the disruption of the ERβ gene. The protecting function of estrogen on 
females consuming the high-fat diet also explains why the males had decreased activity 
consuming the diet and females did not.  One study has found correlations with exercise and 
behavior, which could account for females having higher activity than males (Malisch et al., 
2009). Malisch et al. (2009) hypothesized that increases in exercise, more specifically wheel 
running in mice, can help to alleviate depression and anxiety-like behaviors. This study also 
supported the hypothesis that increased exercise can positively impact BDNF levels (Malisch et 
al., 2009) while sedentary behavior, which was increased in the males, can be correlated with 
reduced BDNF levels. Further research is necessary in order to determine if estrogen, BDNF, or 
anxiety-like behavior are the causes for the increased activity in the female mice and the 
decreased activity in the male high-fat diet mice for Experiment 2.   
In conclusion, the major findings in this study were sex differences in regards to T2DM, 
behavior, and locomotor activity.  In regards to the two variables introduced, the high-fat diet 
had the largest effect on body weight, and insulin and leptin levels, while alcohol alone had an 
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increasing effect on anxiety in both sexes.  Glucose tolerance was affected by both the high-fat 
diet and alcohol consumption where those on the high-fat diet had more impaired glucose 
tolerance than the control foods, but consuming the alcohol with the diet had an improving 
effect.  Lastly, alcohol and high-fat diet preferences are not altered in the added presence of a 
high-fat diet and alcohol respectively, however when observing activity, females overall have 
increased locomotor activity than males.  These findings supports the hypothesis alcohol can 
have a positive effect on T2DM and that a high-fat diet counteracts it by increasing symptoms of 
the disease. It also supports the claim that females are overall more anxious than males without 
any treatment.  The role of estrogen in protecting against T2DM symptoms was a major finding 
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